Since the proposition in 1975 of the European Neogene Mammal (MN) scale by Pierre Mein, the amount of taxonomical, strati graphical and chronological information around Europe has increased exponentially. In this paper, the strati graphical schemes of three of the best studied areas for the Lower and Middle Miocene, the Aragonian type area in Spain and the Upper Freshwater Molasse from the North Alpine Foreland Basin in Switzerland and Bavaria, are compared. The correlation of their local biostratigraphies are discussed. Sixteen rodent's events are studied and ranked in the three areas according to their local biostratigraphy. This study shows, and quantifies for the first time, the significant asynchronies of the different included rodent events. The MN-system is discussed in the light of those results. In accordance, we propose that it is still useful but only in a biochronological way, as a sequence of time-ordered reference localities allowing coarse long-distance correlations. In order to obtain better temporal resolution, this system has to be combined with local biostratigraphies that are well calibrated to the time scale, implementing the information about synchrony and diachrony of mammal events in different areas. evenements. Le systeme MN est discute it la lumiere de ces resultats. En consequence, nous proposons que ce systeme reste utile seulement d 'un point de vue biochronologique, comme sequence ordonnee dans le temps de localites-reperes permettant des correlations grossieres it longue distance. Afin d' obtenir une meilleure resolution temporelle, ce systeme doit etre combine avec des biostratigraphies locales bien calibrees dans le temps, en integrant les informations de synchronie et de diachronie des evenements it mammiferes dans differentes regions.
Introduction
The nOli-recurrent cornpositional and evolutionary changes of the European mammal fauna history have been extensively used as a relative-age tool for the continental sedirnents in which they are found. Based on these characteristics, Mein (1975a Mein ( , 1975b proposed the subdivision of the Miocene Pliocene record into 17 successive Mediterranean Neogene units based on mammals (MN). The strength of this scheme lies in its simplicity and itis one of the reasons why the MN-systern has become the primary biochronological framework for faunal correlation of the European Neogene. After 35 years, the system still facilitates communication between scientists working in different regions, and doubtlessly it contributed a great deal to the success of European mammal palaeontology.
The :MN-systern has been extensively used for correlations from local to continental scale, although not always with the same philosophy (De Bruijn et aI., 1992) . Thus, various authors consider the MN-system as biostratigraphical (e.g., Steininger, 1999; Agusti et aI., 2001) , while according to others it should be used as a biochronological scheme (De Bruijn et aI., 1992; Van Darn, 2003) . Using the MN-system as a biostratigraphical scheme is in itself tempting, given the exponential increase of the strati graphical information. However, biostratigraphy involves not only the fossil content but also the bodies of rock that include it. Therefore, in our opinion, the MN-system as defined by Mein (1975a Mein ( , 1975b and modified by the Regional Committee on Mediterranean Neogene Stratigraphy (RCMNS; De Bruijn et aI., 1992) can never be considered as a biostratigraphical scale, because it is exclusively based on fossil associations and the biological evolution that they reflect (Fahlbusch, 1991; Van Darn et aI., 2001 ).
Since the introduction of the 11N-system, the number of localities has soared. Hundreds of publications have tightened our grip on the taxonomy and phylogeny of Neogene mammals.
For some areas we have detailed stratigraphical information, allowing us to track faunal development to a degree unheard of in 1975. This increase in the local biostratigraphical knowledge and the recognition of the different 11N units in various geographical regions, have resulted in the local recognition of '11N boundaries' and the assignation of very different ages for each of them (Bolliger, 1997; Heissig, 1997; Kalin, 1997; Kempf et aI., 1997; Daams et aI., 1999a Daams et aI., , 1999b Agusti et aI., 2001; Abdul Aziz et aI., 2008 Kalin and Kempf, 2009 ).
Most of those boundaries between successive MN units have been characterized by a single or a combination of bioevents that were not necessarily always coincident in the different regions.
In order to avoid circular reasoning on the isochrony or diachrony of any faunal event, the mammal history obviously has to be independently calibrated to the time scale. Such calibrations (usually palaeomagnetical or radiometrical) are local by definition because they are based on properties of the rocks from which the fo ssils derive, or from other rocks with which they are closely associated. The distribution of both localities and mammal taxa is patchy in space as well as in time;
consequently, the locally-obtained ages for first and last occurrences of taxa (FO's and LO's, respectively), used as dates for continent-wide immigrations and extinctions, are a priori to be mistrusted as long as synchrony and/or diachrony of the various events have not been demonstrated. 
Chronology of local biostratigraphies
Irrespective of whether one is interested in long distance correlations or in the regional fmll1 al history, each study tracking changes through time starts with establishing a local biostrati graphy, necessarily linked to the local lithostratigraphical record, and ultimately to chronostratigraphy and geochronology by other independent strati graphical disciplines (magnetostratigraphy, cyclostratigraphy, etc.) . Despite the recent increase of new independent correlations to the time scale, there still exists a strong need of spatially distributed absolute dates (Van Dam, 2003) . Moreover, in our opinion, a number of the existing numerical age determinations are not rigorous enough to be reliable (Daams et aI., 1999b) . This is due to the use of:
• second or third order correlations;
• radiometric ages with very large uncertainty intervals;
• insufficient number of recorded palaeomagnetical chrons, making independent correlation to the Geomagnetic Polarity Time Scale (GPTS) impossible;
• the use of poor-quality polarity signals.
In Europe, there are three overlapping Lower to Middle Miocene records that have been tied to the time scale, at least in a large part:
• the record of the Aragonian type area in north Central Spain (Daams et aI., 1999a; Van der Meulen et aI., 2005, in press; Van Darn et aI., 2006) ;
• the mammal fauna sequence from the Upper Freshwater Molasse (OSM) of the North Alpine Foreland Basin in
• the OSM in Bavaria, Germany (Abdul Aziz et aI., 2008 ).
(200 1), medium-sized Democricetodon by Van der Meulen et al. (2003) , Gliridae from the Early and Middle Aragonian (Garcia-Paredes, 2006; Garcia-Paredes et aI., 2009 , 2010 ,
Megacricetodon from several localities (now in progress, and Oliver Perez et aI., 2008; Oliver et aI., 2009) Local biostratigraphical schemes have been proposed for each of the three areas considered in this study (Heissig, 1997; Daams et aI. , 1998 Daams et aI. , , 1999a B6hme et aI., 2002; Abdul Aziz et aI., 2008; Kalin and Kempf, 2009; Van der Meulen et aI., in press ). Fig. 1 Daams et al. (1999a) proposed the last Aragonian chron ological framework included in Fig. 1 based on the reinterpreta tion of the biostratigraphical correlation between the Armantes and Vargas sections (Daams et aI., 1999b) , which are two of the four high-resolution sections in the Calatayud-Montalban basin correlated magnetostratigraphically to the GPTS (Krij gsman et aI. , 1994 (Krij gsman et aI. , , 1996 . In this paper we use the recalibrated ages of the faunas proposed by Van Darn et al. (2006) in accordance to and its top is 100 ky younger than the base of the Serravallian (13.82 Ma, Abels et aI., 2005) . Thus, the Middle Aragonian coincides very closely with the Langhian.
The Upper Freshwater Molasse of Switzerland
Recently, Kalin and Kempf (2009) The reference fauna of Glovelier (only locality included in the Glovelier assemblage biozone) is the oldest Swiss fauna with Democricetodon and Ligerimys jlorancei, but, as it comes from a karstic fissure filling, no numerical age estimate can be given (Kalin, 1997; Kalin and Kempf, 2009 
The Upper Freshwater Molasse in Bavaria
The local biostratigraphy of the Upper Freshwater Molasse in Bavaria was proposed by Heissig (1997) 
MN4
Feo DemaGticelooofl Levoy-Thenay and the Spanish record is Megacricetodon collongensis, mainly known from Zone Dd. According to the magnetostratigraphical interpretation (Fig. 1) . Pont-Levoy
Thenay should be correlated to early Zone Dd faunas.
The MN 6 reference falll1 a of Sansan was correlated by Daams et al. (1999a) 
Small mammal events
The Early and Middle Miocene European small mammal record shows a strong provincialism, hampering even the correlation between areas that are geographically not far apart.
The Spanish record has been always considered as singular (De Bruijn et aI., 1992; Martiuez, 1997; Steininger, 1999) and, despite being one of the most dense and extensively studied, its results have been ignored or treated superficially because of the difficulty of correlation with other European records (Daams, 1998 The availability of sections with palaeomagnetical and/or radiometrical time control in the studied areas allows to study the timing of each event iudependently (Fig. 1 ) . One of the important results of the work of Van der Meulen et al. (in press) is the establishment that while the age of the various events can be highly diachronic aI, the sequence of events is quite similar.
Secondly, deviations from the general order of events between regions may provide useful information on the history of specific taxa and regions, or, alternatively, can help to detect a highly improbable combination of taxa or ordination of faunas.
Eomyids
Accordiug to Kalin and Kempf (2009) Pseudotheridomys is after the Fa of L. jlorancei in the German and Czech NA FB, since the two taxa are recorded together in localities such as Erkertshofen 2 (Ligerimys aff. jlorancei), Dolnice 1, Dolnice 2 and Dolnice 3 ( A lvarez Sierra, 1987; Fejfar, 1990; Escarguel and Aguilar, 1997) .
Ligerimysjlorancei and L. ellipticus are coeval species in the localities Can Marti Vell 1 and 2 of the Va lles-Penedes basin (Agusti, 1983) . In contrast, they never co-occur in the Calatayud Eomyops is the last considered eomyid event in both areas.
Melissiodon
The early LO of Melissiodon in upper Zone A in the Aragonian type area (before the FOs of L. jlorancei and Megacricetodon; Daams et al., 1999a) seems to be a local phenomenon. Melissiodon is known from other Spanish Zone C localities, in the nearby Temel basin and from the locality of Bunol in the Valencia area (Robles et aI., 1991) , where it is recorded together with Megacricetodon and L. ellipticus. Therefore, the LO of Melissiodon postdates the LO of L. jlorancei in Spain. In the Swiss and Bavarian records, the LO of Melissiodon is within Tagemaustrasse and OSM A biozones, respectively, and coincides with the LO of L. jlorancei (Table 1) .
Democricetodon, Megacricetodon, Eumyarion
The co-occurrence of Democricetodon, Megacricetodon and Eumyarion after the cricetid vacuum, combined with the presence of Ligerimys, is used to recognize MN 4. The cricetids are immigrants into Europe and become important elements in the European faunas of the Middle Miocene (the first two genera in particular).
In Central and Western Europe the entry of Democricetodon predates that of M egacricetodon. Throughout Europe, localities have been described which contain Democricetodon, but lack Megacricetodon, such as: San Roque 4A and 4B as well as all the localities fram Zone B in Spain; Dolnice 1 and 2 in the Czech Republic; Oberdorf 3 and 4 in Austria; Glovelier in Switzerland; Petersbuch 2, Erkertshofen 1 and 2, Achen 17 in Germany; and Artenay and Beon 2 in France (Ziegler and Fahlbusch, 1986; Fejfar, 1990; Kalin, 1997; Steininger et aI., 1998; Daams et aI., 1999a; Pipperr et aI., 2007; Kalin and Kempf, 2009; Bulot et aI., 2009 Unfortunately, no magnetostratigraphy is available for the karstic fissure filling of Glovelier. Thus, its correlation to chron C5Dn is circumstantial and based on the calibration of the Tagernaustrasse faunas to C5Cr (Kempf et aI., 1997) . A correlation to chron C5Dn has also been proposed for the Oberdorf 3 and 4 faunas in Austria (Steininger et aI., 1998) . Daarns, 1976) and in Can Mart! Vell (Valles-Penedes basin; Agusti, 1983) with an age that could be slightly younger than Artesilla (16.49 Ma) based on the eomyids and the evolutionary stage of Democricetodon. The asynchrony of these immigrations is therefore in the order of 0.5 to 1 million years according to the proposed chronologies in each area. The asynchrony in the FO of Eumyarion is considerably larger than that of Democrice todon and Megacricetodon.
The second group of Megacricetodon events involves the FO of M. minor and the FO of M. gersii. The FO of M. minor forms a major discrepancy between the three sequences of first entries. In Spain, as opposed to Switzerland and Germany, the FO of M. minor occurs after that of Cricetodon and M. gersii. Megacricetodon minor apparently disperses less easily than the others, which might indicate that it is a less opportunistic species. This is also illustrated by M. minor never reaching the 
Discussion
According to the age models presented in Fig. 1 for the three studied areas, the considered events are, in general, strongly diachronical. The inferred asynchronies are surprisingly high between the Swiss and Bavarian record (Fig. 1) . As noted above, much of this can be resolved by revising the interpretation of the Puttenhausen section, which had yielded less reliable palaeo magnetical result according to Abdul Aziz et al. (2008 .
Asynchronies between Spain and Central Europe are high, around 0.5 to 1 my, for most of the events when the age model of Klilin and Kempf (2009) 
Euro pean mammal chronology
Before the development of strati graphical disciplines like magnetostratigraphy, cyc10stratigraphy and the refinement of radiometric methods of absolute dating, biostratigraphy and biochronology were the most used methodologies as relative age tools for continental sediments. The difference between these two methods is their relation with the rocks that contain thern. Biostratigraphy is defined in the International Strati graphic Guide as: "The element of stratigraphy that deals with the distribution of fo ssils in the stratigraphic record and the organization of strata into lll1its on the basis of their contained fo ssils" (Salvador, 1994) . On the other hand, biochronology is not a stratigraphical discipline and therefore has no relationship with the stratigraphical record and could be defined as the elements and procedures of the palaeontology that deals with the temporal relationships between the fo ssils and the palaeobiological entities that produce them (L6pez-Martinez and Truyols Santonja, 1994) .
European mammal faunas were customarily grouped and ordered by assigning them to the MN-system, originally defined as the biozonation of the Mediterranean Neogene based on Mammals (Mein, 1975a (Mein, , 1975b . MN-system consists of 17 nnrnbered units, within each of which Mein (1975a Mein ( , 1975b included a set of characteristic localities from seven geographical regions across Eur ope. Despite the original name given by Mein (1975a Mein ( , 1975b , the MN-system cannot be considered as a biostratigraphical scale, because it has no relationship with the stratigraphical record, and should be treated as a biochronological system dealing with the temporal ordination of the fossil record.
Each of the 17 MN units was characterized by the combination of three criteria (Mein, 1999 (Mein, , 2000 :
• presence of characteristic representatives, generally short lived, of evolutionary lineages;
• characteristic associations of temporally short co-occur rences of two or more genera;
• first appearances of genera.
It is important to realize that those criteria are not equivalents to biostratigraphical ones used to define biozones, because they are not necessarily all present in the same fauna.
Therefore, they may not co-occur in the fo ssil record, and even be selected from different areas for some of the :MN units, representing composite associations of faunal events. In addition, in later versions of the :MN-system, and in order to avoid arbitrary changes on their taxonomical contents, a reference locality was assigned to every MN unit representing their stage-of-evolution (Fahlbusch, 1976 (Fahlbusch, , 1991 De Bruijn et aI., 1992) . Consequently, a local fauna is placed in a MN-unit according to the reference locality with which it shows the highest similarity on taxonomical or evolutionary stage of their respective mammal associations. This procedure, even if one restricts the comparisons to Western Europe, suffers from the usual problems of biostratigraphical correlations since the distribution of both the localities and the mammal taxa is patchy in space as well as in time. This is due to (Daams and Freudenthal, 198 1; Fahlbusch, 1991; De Bruijn et aI., 1992; Van Darn, 2003) :
• the discontinuous nature of the fluvial, lacustrine or karstic facies yielding mammal falll1 as;
• the limited geographical ranges of most species and many genera;
• the presence of several local anagenetic lineages;
• FOs and LOs are, more often than not, diachronical.
This ambiguity on the nature of the MN scale introduced by several authors (see Van Dam, 2003 , for an historical review) resulted in the system nowadays being frequently used as if it were a biostratigraphical scale instead of the biochronological scheme as which it was originally proposed (Mein, 1975a (Mein, , 1975b and later recommended by De Bruijn et al. (1992) . This misuse of the :MN-system has produced inconsistencies such as the definition of MN boundaries (Steininger, 1999) or the confusion between local and continental durations of the units (see Fahlbusch, 1991 for a more elaborate theoretical discussion). Thus, MN boundaries have been dated by extrapolating local-fauna ages in different areas to ages and durations of the units for broader European use (Steininger, 1999; Agusti et aI., 2001 Heissig (1997) , which is in accordance with the duration of the MN6 (14.9-13.5
Ma) proposed by Steininger (1999) and Kalin and Kempf (2002) for the Central European record. As a consequence, the estimated ages used by Costeur et al. (2007) for these localities are incompatible with their relative stratigraphical position.
The MN-system proposed by Pierre Mein has been an important tool to correlate European Neogene localities that has allowed an incredible development on the European mammal palaeontology. Because of the strong provincialism in Europe during the Neogene, a biochronological system is still necessary because of the lack of complete regional high resolution stratigraphical frameworks due to the discontinuity of the continental fossil record. Nevertheless, as discussed by Fahlbusch (1991) the system should not be built on the criteria on which MN-system is based, since they are too inaccurate for clear-cut definitions of time units. As shown in previous sections of this work, most of the studied biotic events are significantly asynchronous, and even the ones that could be considered as synchronous between the studied areas CaImot be considered as geologically instantaneous (Fahlbusch, 1991) . The MN-system could be used instead as a biochronological succession of reference faunas to which the different mammal assemblages can be relatively placed, as recommended by De Bruijn et al. (1992) .
Even so, the MN-system remains a coarse, but necessary tool. It represents a system of convenience, which provides a hold for mamm al palaeontologists in discussions comparing faunas from different parts of the European continent. On a regional scale, obviously, a detailed strati graphical framework based on local biozonation, supported by superposition, radiometric ages and palaeomagnetostratigraphy, is far superior and in our opinion the best way to proceed. 
